Contributions to the valence Fe-3d electrons to the V zz p.S6 Figure S1 The electronic configurations relevant to Fe(II), Fe(III) spin-crossover and to the inversion of the orbital ground state p.S7 Table S2 Linear fit parameters obtained for the calculation of isomer shifts p.S8 Table S3 Linear fit parameters obtained with the application of the COSMO model, for the calculation of isomer shifts p.S9 Table S4 Comparison of experimental and DFT/GTO-CP(PPP) calculated δ values for the investigated data set of Fe complexes p.S9 Table S5 Comparison of experimental and DFT/STO-TZP calculated δ values for the investigated data set of Fe complexes p.S12 Table S6 Comparison of experimental and COSMO-DFT/GTO-CP(PPP) calculated δ values for the investigated data set of Fe complexes p.S14 Table S7 Comparison of experimental and COSMO-DFT/STO-TZP calculated δ values for the investigated data set of Fe complexes p.S17 Table S8 Comparison of experimental and DFT/GTO-CP(PPP) calculated ∆E Q values for the investigated data set of Fe complexes p.S19 Table S9 Comparison of experimental and DFT/STO-TZP calculated ∆E Q values for the investigated data set of Fe complexes p.S22 Table S10 Comparison of experimental and COSMO-DFT/GTO-CP(PPP) calculated ∆E Q values for the investigated data set of Fe complexes p.S24 Table S11 Comparison of experimental and COSMO-DFT/STO-TZP calculated ∆E Q values for the investigated data set of Fe complexes p.S27 Table S12 Comparison of experimental and COSMO-TPSSh |∆E Q | values for selected Fe complexes computed with the GTO-CP(PPP) basis set at different geometries p.S29 Table S13 DFT-calculated values of the asymmetry parameter (η) obtained with the GTO-CP(PPP) basis set p.S30 Table S14 DFT-calculated values of the asymmetry parameter (η) obtained with the STO-TZP basis set p.S32 
Derivation of the electric monopole and quadrupole hyperfine interactions
In the present work we do not consider magnetic interactions here, as is beyond the scope of this study. We only deal with the electric hyperfine interactions, which is outlined below.
The substitution of the Taylor series expansion of the electric potential Φ(r) at the nucleus (r = 0)
... 
to the electric interaction energy E int yields: 
= Ze, the nuclear charge, the interaction described by the first term of the right-hand side of Equation S2 shifts all nuclear levels by an equal amount: therefore, it does not affect the nuclear transitions. Furthermore, the second term vanishes, as the dipole moment of the nucleus is zero ( 0 ) (
Therefore, only the third term is relevant for the Mössbauer transition, and what is left from the potential is a tensor of its second derivatives. The first derivative of the electric potential is the electric field
; thus the negative second derivatives make up the electric field gradient (EFG).Introducing the traceless electric field gradient (EFG) tensor:
the third term of Equation S2 can be further transformed as: 
The first, electric monopole term of Equation S7 can be written as:
Here, 2 3 5 r R = = = = is the radius of the nucleus, regarded as a sphere with a homogeneous charge density. Also, the first Maxwell-equation was applied:
We can realize that this is the term where the trace of the original EFG tensor , ∆Φ, is utilized.
The second, electric quadrupole term shown in Equation S7 can be expressed as:
from which Equation 7 of the main article is obtained by the diagonalization of the V αβ and Q αβ tensors. Since the diagonalized EFG tensor
is traceless, it can be characterized by two independent parameters: the main tensor component V zz , and the asymmetry parameter η = (V xx − V yy ) / V zz (with |V zz | ≥ |V yy | ≥ |V xx |).
The negative sign is due to the convention used in the Mössbauer literature, which considers the EFG as the second derivative of the potential, without the corect sign). We also adapt to this convention, and the quantities defined this way have letters of the Latin alphabet for S5 indices (V xx , V yy , V zz ) in contrast to the physically correct ones indicated by Greek letters in the indices.
Derivation of the ligand contributions to the V zz for the octahedral FeA 2 B 4 and FeAB 5 complexes Considering a potential Φ = q/r generated by a point charge q, the components of the diagonalized and traceless EFG are expressed as:
Here the x, y, and z coordinates were transformed to polar coordinates (ϑ is the angle between the z axis and the position vector of the q charge, ϕ is the angle in the xy plane.). Selecting the proper orientation for x, y, and z, and if the charge distribution is similar in the x and y directions, it is sufficient to deal with the V zz .
In case of a low-spin, octahedral trans-Fe II A 2 B 4 complex (where A and B are point charges, see Figure 8 in the main article), for the two q A charges:
and for the four q B charges:
Therefore, the total V zz equals 4(q A − q B ). Similarly, the −2(q A − q B ) and 2( 
Contributions of the valence Fe-3d electrons to V zz
In addition to the ligand contributions, a non-zero V zz can also arise due to the asymmetric occupation of the valence Fe-3d orbitals. The contribution of an arbitrary valence electron can be evaluated by calculating the Table S1 . Contributions of the valence 3d-electrons to the V zz
In the frequent tetrahedral and octahedral coordinations the symmetry splits the five Fe-3d orbitals into a threefold degenerate t 2g , and a twofold degenerate e g sub-shells, which include In all cases, the COSMO-TPSSh/STO-TZP method was applied. 
